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Abstract 

After a brief review of the flavour problem we present a new predictive 
framework based on SUSY SO{W) theory, where the first family plays a role 
of the mass unification point. The inter- family hierarchy is first generated 
in a sector of superheavy fermions and then transfered in an inverse way 
to ordinary quarks and leptons by means of the universal seesaw mechanism. 
The obtained mass matrices are simply parametrized by two small coefficients 
which can be given by the ratio of the GUT and superstring compactification 
scales. The model allows a natural (without fine tuning) doublet-triplet split- 
ting. It has a strong predictive power, though no special texture is utilized in 
contrast to the known predictive frameworks. Namely, the model implies that 
mb = 4-5 GeV, m., = 100-150 MeV, m^/m^ = 0.5-0.7 and tan/3 < 1.1. The 
Top quark is naturally in the 100 GeV range, but not too heavy: mt < 150 
GeV. All CKM mixing angles are in correct range. The Higgsino mediated 
d = 5 operators for the proton decay are naturally suppressed. 
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1. Introduction to Family Puzzles 

The Standard Model (SM) is internally consistent from the field theoretical view, 
and has been extremely successfuU in describing various experimental data accumu- 
lated over the past several years. This suggests that at presently available energies 
the SM is literally correct in all its sectors. It is widely believed, however, that there 
should be a more fundamental theory valid at some higher energies. The most im- 
portant issues that motivate such a belief include the unification of gauge couplings, 
problem of gauge hierarchies and problem of fermion fiavours (or families) . 

In SM all the observed fermions are accomodated in a consistent way. Three 
families share the same quantum numbers under the SU{3)c ® SU{2)l ® U{1)y 
gauge symmetry. Each family is considered as an anomaly free set of initially mass- 
less chiral fermions. They become massive due to the same Higgs field that gives 
masses to and Z bosons. An important feature of the minimal SM is that the 
flavour changing neutral currents (FCNC) are naturally suppressed in both gauge 
and Higgs boson exchanges [|I| . However, the pattern of fermion masses and mixing 
remains undetermined due to arbitrariness of the Yukawa couplings. A hypothetical 
fundamental theory should allow to calculate these couplings, or at least somehow 
constrain them. When thinking of such a theory, one should bear in mind that the 
flavour problem has different aspects, questioning the origin of (i) family replica- 
tion (ii) mass and mixing pattern of charged fermions (iii) CP violation in weak 
interactions (iv) CP conservation in strong interactions (v) tiny neutrino masses. 

There is an almost holy trust that all the fundamental problems, and among 
them the problem of fermion flavours, will flnd a flnal solution within the Super- 
string Theory = Theory of Everything. In principle, it should allow us to calculate 
all Yukawa couplings. Unfortunatelly, it is our lack of understanding how the super- 
string can be linked in unambiguous way to lower energy physics. Many theorists 
try to attack the problem in whole, or its certain aspects, in the context of particular 
(among many billions) superstring inspired models. However, the problem remains 
far away from being solved and all what we know at present from superstring can 
be updated in few important but rather general recommendations. 

Nevertheless, one may rely that many aspects of the flavour problem can be 
understood by means of more familiar symmetry properties. A relevant theory 
could take place at some intermediate energies between the electroweak and Planck 
scales. Nowadays the concepts of grand uniflcation and supersymetry are the most 
promising ideas towards the physics beyond the SM, providing a sound basis for 
understanding the issues of coupling uniflcation and stability of gauge hierarchy. In 
particular, the famous coupling crossing phenomenon in the Minimal Supersymmet- 
ric Standard Model (MSSM) points to the GUT scale Mq ^ 10^^ GeV §. Applied 
to the flavour problem, these ideas should be complemented by introducing some 
inter-family symmetry Ti that could constrain the structure of fermion mass ma- 
trices. It is natural to expect that Ti is also broken at the GUT scale Mq- Such 
a SUSY C?) GUT ® Ti. theory can be regarded as a Grand Uniflcation of fermion 
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masses. Here I shall review some aspects of the flavour physics, and suggest a new 
possibility that could shed some more light towards the search of such a theory. 

The most difficult question is originated by the fact of family replication itself. 
The measurement of the Z-boson decay width supports the idea that there are just 
three observed families; at least, we are sure that there are no more standard-like 
families with light neutrinos. There seems to be no simple answer to the question 
"why three families?", or "why only three families?". Apparently it is in the com- 
petence of superstring, and I have nothing to add here. In what follows, I shall 
simply accept that there are three families and pursue the understanding of the 
issues (ii)-(v). Let us first outline these issues from the SM point of view. 

The mass spectrum of the quarks and charged leptons is spread over five orders 
of magnitude, from MeVs to 100 GeVs In order to understand its shape it is 
necessary to compare the fermion running masses at some scale n ~ Mq, where the 
relevant new physics could take the place.|^ In doing so, we see that the horizontal 
hierarchy of quark masses exhibits the approximate scaling low (see Fig. 1) 

t : c : u I : Eu ■ £u , b : s : d I : £d '■ 6^ (1) 

where = 200 — 300 and e'^^ = 20 — 30. As for the charged leptons, they have a 
mixed behaviour: 

T : fx : e 1 : €d: SuSd (2) 



Fig. 1 . Logaritmic plot of fermion run- 
ning masses at the GUT scale versus 
family number. Points corresponding 
to the fermions with the same electric 
charge are joined. The value mt=130 
GeV has been assumed. 



"'^^In what follows, with an obvious notation we indicate by u,d,... the fermion running masses 
at the GUT scale, and by rrim md, ... their physical masses. For the light quarks (u,d,s) the latter 
traditionally are taken as running masses at = 1 GeV 0]. 
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One can also observe that the vertical mass sphtting is small within the first 
family of quarks and is quickly growing with the family number: 



u 1 c t 

-~8, -~60, 3 
a 2 s 



whereas the splitting between the charged leptons and down quarks (at large /i) 
remains considerably smaller (see Fig. 1). Moreover, we observe that the third 
family is almost unsplit, 6 ~ r, whereas the first two families are split but ds ~ e/i. 

One can also exploit experimental information on the quark mixing. The weak 
transitions dominantly occur inside the families, and are suppressed between differ- 
ent families by the small Cabibbo-Kobayashi-Maskawa (CKM) angles 0: 

1/2 2 I A\ 

This shows that the quark mass spectrum and weak mixing pattern are strongly 
correlated. Moreover, there are intriguing relations between masses and mixing 



angles, such as the well-known formula S12 = yd/s for the Cabibbo angle. 

All of the observed CP-violating phenomena can be successfully described 
in the frames of the SM due to sufficiently large (5 ~ 1) CP-phase in the CKM 
matrix.^3 This means that the fermion mass matrices are complex. The strong CP 
problem is closely related to this issue: the net phase of the complex mass matrices 
should effectively contribute to the P and CP violating B-term, whereas an absence 
of the neutron dipole electric moment puts a strong bound < 10~^ [§. 

As for neutrino masses and mixing, only some experimental upper bounds are 
in our disposal 0. If SM is true all the way up to Planckian energies, the neu- 
trinos would stay massless, or could get some tiny masses (~ 10~^ eV) due to 
non-perturbative quantum gravitational (or superstring) effects 0. However, some 
rather astrophysical data, as are the solar and atmospheric neutrino deficites or the 
" after COBE" evidence for some hot fraction of the cosmological dark matter, may 
hint in favour of rather heavier and substantially mixed neutrinos. 

As noted above, in the SM the fermion mass and mixing problem can be phrased 
as a problem of the Yukawa coupling matrices: there is no explanation, what is 
the origin of such a strong hierarchy of their eigenvalues, why they are alligned 
approximately for the up and down quarks, what is the origin of their complex 
structure, why the G-term is vanishing in spite of this complex structure etc. On 
the other hand, we believe that the SM (or rather MSSM [jlOl) is literally correct at 
lower energies. This provides a "boundary" condition for any hypothetical theory of 
the flavour: in the low energy limit it should reduce to the minimal SM (or MSSM) 
in all sectors, i.e. all the possible extra degrees of freedom must decouple. Since the 
decoupling is expected to occur at superhigh (~ Mq) energies, there is practically 

^^It is tempting to mention that even an outstanding issue of the cosmological baryon asymmetry 
can be accounted entirely (with correct sign and magnitude) within the minimal SM, for the 
reasonable values of the CKM angles and CP-phase . 
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no hope to observe experimentally any direct dynamical effect of such a theory of 
the flavour. It could manifest itself only in the sense of the flavour statics, through 
certain constraints on the Yukawa sector of the resulting SM, or, in other words, 
through the testable predictions for the fermion masses and CKM parameters. In 
particular, it is tempting to think that the certain structure of the mass matrices is 
responsible for several mass relations between fermions and the CKM angles can be 
expressed as a functions of these masses. It is also suggestive to think that these 



functions have the following "analytic" properties [11 



Decoupling Hypothesis. The mixing angles of the first quark family with others 
(si25 Sia) vanish in the limit u,d ^ 0. At the next step, when c, s — 0, S23 also 
vanishes. 

Scaling Hypothesis. In the limit when the masses of the up and down quarks are 
proportional to each other: u : c : t = d : s : b, aA\ mixing angles {su, Sis and S23) 
are vanishing. 

Therefore, our purpose is to find a self-consistent, complete and elegant enough 
example of such a theory that could provide, besides solving other fundamental 
problems, a natural explanation to the fermion mass and mixing pattern. 



"Models? No problem. We have many models." 

R.Mohapatra 

2. Mass Matrix Models 

Even the simplest extensions of the SM symmetry Gsm = SU{3)c <8> SU{2)l ® 
U{1)y can provide some interesting hints for the understanding of fermion mass and 
mixing pattern. For example, already the minimal grand unified theory SU{b) [|I^ 
points to the possible origin of 6 ~ r, specifying also that this relation should take 
place at the GUT scale Mq. The SUSY SU (5) theory, which is more appealing from 
the viewpoint of internal consistency, leads to better quantitative agreement for the 



b — T unification, as well as for the gauge coupling unification |T3| . Unfortunately, 
the analogous relations s = fi and d = e are simply wrong, and one is forced to 
invoke some extra sources (e.g. Planck scale induced higher dimensional operators 
|p.4||), in order to split these masses from each other, also, there is no hint neither 
for the origin of the fermion mass hierarchy nor for the smallnes of the quark mixing 
angles: in the SU{5) theory, as well as in the SM, the Yukawa couplings for the up 
and down type fermions are different and there is no reason for their allignment. 

Another minimal extension of the SM, so called L — R model G^/j = SU{2)l C?> 
SU (2) U {!) B-L provides an "isotopic" symmetry interchanging the up and down 
fermions, so that their mass matrices are somehow alligned. Therefore, the smallness 
of quark mixing angles can be naturally linked to the horizontal hierarchy of he quark 
masses, though the origin of the hierarchy itself is beyond the scope of this model. 
Also, an additional discrete L ^ R symmetry, essentially P-parity, can be imposed 
naturally for the constraining of fermion mass matrices. 
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On the other hand, the Glr model does not imply any relations between the 
quark and lepton masses, as the SU (5) does. Its further extension to the Pati-Salam 
theory Gps = SU{4:) ®SU{2)l ®SU{2)r unifies the leptons with quarks as a fourth 
colour, and thereby provides the possibility for the h — t unification. However, it 
does not determine the scale of this unification. 

The ends are closed in the 5*0(10) GUT (or rather SUSY GUT), which acco- 
modates each family of quarks and leptons of both chiralities within the spinorial 
representation 16. 5*0(10) is a logical final towards both chains of the SM exten- 
sions: GsM SU{5) ^O(IO), or Gsm ^ Glr ^ Gps SO(IO). Therefore, 
the 5*0(10) naturally contains all types of the simplest fermionic symmetries: the 
isotopic and quark-lepton symmetries as well as automatic P-parity. 

All these appear to be necessary but not sufficient tools for the fermion mass 
model building: also some inter-family (horizontal) symmetries should be invoked in 
order to constrain the fermion mass matrices at the needed degree. In the literature 
there are two main directions in the fiavour physics, which generally do not have 
strong intersection. These are: (i) mass matrix ansatzes, and (ii) radiative mass 
generation. 



The general aim of the first direction |jT5|, [Tg, is to provide predictivity, i.e 



certain relations between fermion masses and the CKM angles, by constraining the 
mass matrix form and by reducing the number of its parameters. This can be mo- 
tivated by some family symmetries (or, in some cases, even are not motivated). In 
general, this implies a study of the so called "zero textures" - matrices with the cer- 
tain number of zero elements. In order to reduce a number of arbitrary parameters, 
together with horizontal symmetry one should utilize the above mentioned GUT 
ingredients as are the isotopic and quark-lepton symmetry and P-parity. One of the 
most interesting mass matrix ansatzes is given by Fritzsch texture p!6[ 



Af 

mj= \ A'j Bf \ , f = u,d,e (5) 
B'f Cf 

which can be obtained at the price of some horizontal symmetry. This structure 
implies that the fermion mass generation starts from the heavist S*^*^ family (O is a 
largest entry in eq. (|^)) and proceeds to lighter families through the mixing terms. 
In the context of the L—R symmetric model this matrices can be Hermitian due to 
P-parity. Thereby, neglecting the phase factors, the total number of the parameters 
for 3 mass matrices (/ = m, d, e) is reduced to a number 9, i.e. just to the number 
of quarks and leptons. This allows to express the quark mixing angles in terms of 
their mass ratios: in particular, for the Cabibbo angle we can obtain Si2 = \J d/ s. 
Unfortunately, the Fritzsch texture seems to be already excluded by recent CDF 
bound on the top mass. However, there are some other suggestions fl^ which still 
agree to the experimental data. 



The idea of radiative mass generation ||T^ in general aims to provide rather 
quolitative explanation to the fermion mass hierarchy. Indeed, it is tempting to 
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think that the 1—2 orders of magnitude hierarchy between fermion masses (see eqs. 
(|I|) and (0)) is due to loop expansion: e ~ (/i^/lGvr^) with h being a typical Yukawa 
coupling of the order of 1. This could be, if due to some symmetry reasons only the 
heaviest S^'' family gets mass at tree level, whereas the 2"'' becomes massive at the 
1-loop level and the 1** only at 2-loops. The models exhibiting this feature, were 



suggested in [|T^, However, the radiative models fail in predictivity. Moreover, 
it is rather difficult to obtain a quantitatively consistent picture, and also to avoide 
dangerous flavour changing phenomena [^, 22]. 



The general feature of the frameworks considered above is that the mass gener- 
ation starts from the heaviest third family and then propagates to the lighter ones. 
However, the fermion mass pattern may hint that the case is just the opposite, and 
the first family plays an unique role in mass generation. We stick to the observation 
that the GUT scale running masses of the electron, u-quark and d-quark are not 
strongly split, which maybe manifests the approximate symmetry limit. With this 
picture in mind, it is suggestive to think that the masses of the 1** family are some- 
how related to an energy scale Mi at which this symmetry is still good, while the 
masses of the 2"^^ and S^*^ family are respectively related to lower scales M2 and M3 
at which it is no longer as good. Suppose that the first family is indeed the starting 
point, and that the expression like eq. (|l|) holds for the inverse masses rather then 
masses, namely 

1 ^.-r 



, f = u,d,e (6) 
fi rn 

where z = 1, 2, 3 is a family number. Then we have u^d^m, c/s^ (sd/^u) > 1 and 
t/b ~ {sdlSuY ^ 1- In this way, the sphtting between up and down quark masses 
in Fig. 1 is understood by means of one parameter Sd/Su > 1- We call the above 
formula the inverse hierarchy pattern. 

The above consideration suggests that the mass generation proceeds from the 
lightest family to heavier ones. At first sight, it is nonsense. However, we do not 
imply this literally. Let us take here some break and go back to neutrinos. 

The SO{10) extension (in fact, already the L — R symmetric model) brings new 
particles in addition to the minimal fermion spectrum of the SM. These are right 
handed neutrinos. However, it is not expected that they will be seen at lower 
energies. After SO (10) breaking down to SM no symmetry defences them to be 
massless, so they should acquire 0{Mc) Majorana mass terms and thereby decouple 
from the light particle spectrum. On the other hand, the SO{10) invariant Yukawa 
couplings provide the neutrino Dirac mass terms, which in the standard picture 
resemble the up quark masses. The interplay of both mass structures results in the 
famous seesaw mechanism, which provides the naturally small majorana masses to 



physical neutrinos p3[. The resulting neutrino mass matrix reads as 

rh^ = v^TM^^T^ (7) 

where M/j is a Majorana mass matrix of right handed neutrinos and F is a matrix 
of the "Dirac" Yukawa couplings. 
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One can imagine, that there are also some charged fermion states which are 
allowed to be superheavy by GUT symmetry. For example, already further exten- 
sion of the SO (10) to the Eq model brings such heavy states. Then it is suggestive 
to think that the masses of ordinary quarks and leptons could appear through the 
analogous seesaw mixing with these heavy states. Such a possibility, named sub- 
sequently as an universal seesaw mechanism, was suggested in [|^. Then for the 



quark and lepton mass matrices we have the expression analogous to eq. 

It seems quite natural to assume that the Yukawa couplings all are 0(1) and the 
fermion mass hierarchy is initiated in the heavy fermion sector, while the usual light 
fermions are just the spectators of this phenomenon. Then the inverse power in eq. 
(1^) is crucial: by means of the seesaw mechanism this hierarchy will be transfered 
to ordinary fermions in an inverted way.Q This can provide a firm basis to the 
inverse hierarchy pattern of the eq. (|]). It is clear, that the heaviest ones among 
the heavy fermions are just the partners of the 1** standard family, and its small 
mass splitting can be just a reflection of the symmetry limit: namely, these heaviest 
of heavies can be so heavy in particular, heavier than the relevant GUT scale. 



that their mass terms obey the isotopic and quark-lepton symmetries, which are the 
natural subsymmetries e.g. of the 5*0(10). 

The seesaw induced inverse hierarchy pattern was explored in radiative mass 
generation scenario for quarks |2^, ^ and also included leptons As a result. 



several intriguing predictions were obtained for the fermion masses and mixing an- 
gles. It is clear, however, that the use of a radiative mechanism to generate the 
mass hierarchy in a heavy fermion sector is in obvious contradiction with the idea 
of low-energy supersymmetry. Within SUSY scheme one should think of some tree 
level mechanism that could generate the masses of heavy fermions by means of the 
effective operators of successively higher dimension, thus providing a hierarchical 
structure to their mass matrix. 

Before proceeding let us comment also, that universal seesaw can automatically 
solve the strong CP-problem without introducing an axion, a la Nelson-Barr mech- 
anism 1^ . Such models were suggested in [^, ^ on the basis of the spontaneously 
broken P-parity or CP-invariance [^, where the B-term is automatically van- 
ishing at tree level and appears to be naturally small due to loop corrections. Alter- 
natively, within the seesaw picture one can naturally incorporate the Peccei-Quinn 



type symmetries |2J, |30[, where the axion appears to be simultaneously a majoron. 



^'The idea of universal seesaw mechanism was also explored in a number of papers The 
inverse hierarchy, however, corresponds to the spirit of the original paper [2^ , where it was in fact 
first suggested. 
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3. Inverse Hierarchy in SUSY SO(IO) Model 

We intend to built a predictive SUSY SO{10) model for the fermion masses, 
pursuing the universal seesaw mechanism in order to obtain naturally the inverse 
hierarchy pattern. For this purpose one has to appeal to some symmetry properties. 
We suggest that there is some "family-type" symmetry (discrete or global) 7i, that 
distinguishes the superfields involved into the game. In the following we will not 
specify the exact form of Ti, describing only the pattern how it should work. Wc 
also wish that our model fulfills the following fundamental conditions: 

A. Unification of the strong, weak and weak hypercharge gauge couplings — cor- 
rect prediction for sin^OiY or at lower energies. 

B. Natural (not fi,ne-tuned) gauge hierarchy and doublet-triplet splitting — a cou- 
ple of Higgs doublets should remain light whereas their colour triplet partners in 
GUT supermultiplet must be superheavy. 

C. Sufficiently long-lived proton — proton lifetime should be above the recent 
experimental lower bound Tp > 10^^ yr. 

D. Natural suppression of the FCNC 

Let us design such a SUSY 5*0(10) ® H model. We know that three families of 
quarks and leptons should be arranged within 16-plets 16f , i — 1,2, 3. Besides them, 
I exploit three families of superheavy fermions 16f -|- 16^ . All these have certain 
transformation properties under Ti symmetry. For the following it is convenient to 
describe them in the terms of SU{4) SU{2)l ® SU{2)ji decomposition: 

16f = /,(4,2,l) + /a4,l,2) (8) 

16f - Ti{A, 2, 1) + F^{1, 1, 2) , T6f = ^^(4, 2, 1) + F,(4, 1, 2) (9) 

For the electroweak symmetry breaking and quark and lepton mass generation we 
use a traditional 10-dimensional Higgs supermultiplet 

1O = 0(1,2,2) + T(6,1,1) (10) 

For the 5*0(10) symmetry breaking we promote, as usual, a set of scalar superfields, 
consisting of various 54-plets, 45-plets and 126-plets, which also have different trans- 
formation properties under Ti. 

54 = (h L 1) + (L 3, 3) + (20, 1, 1) + (6, 2, 2) 

45 = (15, 1, 1) + (1, 3, 1) + (1, 1, 3, ) + (2, 2, 6) (11) 
126 = (10, 1, 3) + (10, 3, 1) + (6, 1, 1) + (15, 2, 2) 

We suggest that all 54-plets have the VEVs of standard configuration corresponding 

to the symmetry breaking channel 50(10) SU{A)® SU{2)l® SU{2)r. As for the 
45-plets, we suggest that there are three types of them: 45sL-type fields with VEV 
on their (15,1,1) fragment, breaking 5^7(4) down to 5t/(3)c ® U{1)b-l] 45R-type 
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fields with VEV on the (1,1,3) component, providing the breaking SU{2)ji U{1)r; 
and 45x-type fields having the VEVs on both (15,1,1) and (1,1,3) components: 



(54) = / ® diag(l, 1, 1, -3/2, -3/2) ■ Vg 

(45sl) = o-®diag(l,l,l,0,0)-\/BL . / 1 0\ ^ 1 

(45^) = a® diag(0, 0,0,1,1) -V^^ ; [o I j' \ -I 

(45x) = cr ® diag(l, 1, 1, x, x) ■ Vx 



(12) 



Finally, the 126-plet with VEV vr across the (10,1,3) direction completes the 5*0(10) 
breaking down to Gsm = SU{3)c ® SU{2)l ® U{1)y- Motivated by the coupling 
crossing phenomenon in MSSM 0, we suggest that 50(10) ® Ti- breaks down to 
Gsm at once, by VEVs Vg, Vx, Vbl, vr ~ Mg- Below this scale the theory is just 
MSSM, with three fermion families (/j) and one light couple of the Higgs doublets 
{(f)). Many questions of the series A - D are immediately respected in this way: 
sin^OwifJ') and as(/i) are correctly related at /i = Mz; the FCNC are naturally 
suppressed provided that SUSY breaking sector has simple (e.g. universal) structure; 
large unification scale {Mg — 10^^ GeV) saves the proton from the unacceptably 
fast decay mediated by X,Y gauge bosons {d = 6 operators). Let us comment 
also, that the SUSY 5*0(10) theory has automatic matter parity, under which the 
spinorial representations change the sign while the vectorial ones stay invariant .[^ 
Provided that non of the 16-plets have the VEV, this implies an automatic i?-parity 
conservation for the resulting MSSM. It is well-known, that proton decaying d = 4 
operators mediated by squarks are vanishing in this case. 

In order to establish the seesaw regime at once, we assume that 7i symmetry 
does not allow IG'^IG-^IO couplings but only the following terms in the Yukawa su- 
perpotential: 

r,ao i6f 16^ + Gik^bR lefTef (i3) 

These couplings generate the mass terms for ordinary quarks and leptons (/-fermions) 
by means of seesaw mixing with the F-fermion states afterthat the latter become 
superheavy. The whole 9x9 mass matrices have the form 



/ 

mL = F 



jc pc 

\ 

MfR Mp 

M]^ Mr j 



(14) 



Where M/£, = r(0) and M^r = G^{4:5r). We do not specify further the form 
of the Yukawa couplings. We only suggest that they all are 0(1), as well as the 
gauge coupling constants. F and G are some general complex and non-degenerated 
matrices. Without loss of generality, by suitable simultaneous redefinition of the 

''^In fact, this gives a natural ground to refer the spinorial representations as fermionic superfields, 
and the vectorial ones as Higgs superfields. 
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basis of / fermions of all types (/ = u,d,e,i>), we always can bring them to a 
skew- diagonal form: 

Tjfc, Gik = 0, if i < k. (15) 

The role of the Higgs 10-plet is crucial. We require that its <^(1, 2, 2) component, 
which consists of the Higgs doublets, remains massless in the SUSY limit. On the 
other hand, the T(6, 1, 1) fragment, containing colour triplets, should acquire the 
mass of the order of Mq'- otherwise it would cause unacceptably fast proton decay 
and would affect the unification of the gauge couplings. In order to resolve this 
famous problem of the doublet-triplet splitting without fine tuning of the superpo- 
tential parameters, one can address to the Dimopoulos-Wilczek mechanism, utilizing 
the Higgs 45Bi-plet The VEV of arises after the SUSY breaking and breaks 



the SU{2)l ® U{1)y symmetry: 

(0)=f n ° h ivl + vlY/' = v = 175GeV (16) 




This implies that the (1, 2)-blocks of the matrix M/^)- are essentially the same: M/l = 
Ff sin/5 for the up-type fermions (/ = u, v) and Mjl = Ff cos/5 for the down-type 
ones (/ = d,e), where tan/3 = V2/V1 is the famous up-down VEV ratio in MSSM. 

Equally important is the choice of the VEV (45/?) towards the (1, 1, 3) direction. 
It tells that the (2, l)-block of differs only by the sign for the up-type and 
down-type fermions: MfR = +G^Vr for f = u,v and MfR = —G'^Vr for f = d,e. 
On the other hand, it implies that the (1, 3)-block is vanishing. Therefore, only 
the S't/(2)x,-singlet F-type fragments of eq. (^) are important for the seesaw mass 
generation, whereas the J-'-type ones are irrelevant. As it was shown in [Q, this 



feature is decisive for the natural suppression of the dangerous d = 5 operators for 
the proton decay.Q 

Therefore, we have all the key ingredients for the inverse hierarchy ansatz. What 
remains is to obtain the needed hierarchical pattern for the heavy mass matrices Mp. 
Let us assume that the Ti symmetry allows the bare mass term (M 3> Mq) for the 
1** heavy family Fi and the mass of the 2"'^ one {F2) is generated via 45^: 

MiefTef + ^45x16^16^ , (17) 



while the 3'^'^ family becomes massive through the effective operator (45^/Ai)16f^l6^. 
In this case the fermion mass hierarchy will be explained due to small parameter 
e^Vg/M. However, it is not enough restrictive to use this later operator without 

^•'indeed, the / and states are unmixed, so the colour triplets in T{6, 1, 1) can cause transitions 
of /'s only into the superheavy J-"'s. Therefore, the baryon number violating d — 5 operators 
[////] F (so called LLLL type operators), which bring the dominant contribution to the proton 
decay after dressing by the M^-bosinos, are automatically vanishing. As for the RRRR type 
operators [f^ f'^]F 1 they clearly appear due to the — F"^ mixing. But they are known to be 
much more safe for the proton (see e.g. pq] and refs. therein). 
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defining to which of the possible SO{10) channels it acts: 45 x 45 — > 1 + 45 + 210. 
In order to be less vague, let us introduce the additional couple 16^ + 16^ with barr 
mass M'~M and Yukawa couplings q'IG^IGq + (7"16^16f^. Q Then the mass terms 
of the F3 states appear at the decoupling of the heavier Fq states, i.e. after the 
diagonalization of the mass matrix 

F3 ( g'{A5x) \ (18) 
Fo 1^ g"{45x) M' J 

As a consequence, we obtain the mass matrices Mp of the desired form: 

A = diag(l,0,0) 

MF = M{Pi+efp2 + e}p3), A = diag(0, 1, 0) (19) 

P3 = diag(0,0,C) 

where C~M/M'~1, since all Yukawa couplings are assumed to be 0(1). What is 
new, is that the complex expansion parameters (/ = u, d, e, u) are not independent 
anymore, but are related due to the VEV pattern ( [T^ ) of the 45^: 

= ^1 + ^2 5 = —3i€i + €2 

eu = £1- e2, Eu = -Ssi - 62 (20) 

from where follows 

Ee = —Sd — 2eu , £u = + (21) 

Assuming Adp ^ GVr, the seesaw block-diagonalization of eq. 
lowing mass matrices for the ordinary quarks and leptons: 

rhf = CfvVnTMp^G'^ (22) 

where (f = sin/3 for f = u,v and (f = ~ cos/3 for f = d,e. In this way the inverse 
proportionality of eq. (P) is realized. The seesaw limit Mp ^ is certainly very 
good for all light states apart from t-quark, since their masses must be much smaller 
than V. However, since mt = 0{v), we expect the mass of its F-partner to be of 
the order of Vr (remember that the Yukawa couplings are considered to be 0(1)).[^ 

^^For the simplicity we assume that Fq has no couphngs with the 16-^ 's, though it is easy to see 
that such couphngs would not affect significantly our results. The possible contributions of the 
f 0-plet couplings to heavy states (||) are also negligible. 

^'Decoupling of the heavy states F occurs at the scale Vr: below this scale the effective theory 
is the MSSM, and VrTMp^G"^ = ™//«C/ are in fact the MSSM Yukawa couphngs. Then the 
ratio Vfi/M is given by rriu/v ~ fO~^. Taking into account that M/Mq ~ ~ 30, this implies 
Vr ~ 10^'^ GeV, i.e. some three order of magnitude below the GUT scale Mq- This is not a 



14) results in fol- 
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Thus, to evaluate rrit, we need the mass matrix without the restriction Mp ^ Vr. 
This is given by 

mfm\ = iCfvfr [l + mI{G^G*V^)-^Mf\ . (23) 
Notice that, when Vr ^ Mp, this equation gives the obvious result rhf = T(fV. On 



the other hand, when Vr <C Mp, it reduces to the seesaw formula (|22D . 

It is useful to first study rhf in the seesaw limit (p2D. The exact formula (|2^) 
will only be relevant to evaluate nit. Once again, the inverse matrices are easier to 
analyse. From the eqs. (p!9| ) and (^2|) we have 



mj' = -^(G^)-^(A + efp2 + e}Ps)T-' = -^{Q^ + SfQ^ + e)Q,) , (24) 
•' vQfVR niQf 

where Qn oc {G^)^^ P„T^^ are still rank-1 matrices, but not orthogonal anymore. We 
can also choose a basis of eq. (|T5|) and use a relation {G^)~^ PiV^^ = (Giirii)^^Pi, 
to define Qi = A and m = TuGuvVr/M. In other words, without loss of generality 
we can take 

Qi = (1, 0, 0)'^. (1, 0, 0), Q2 = (a, 6, 0)'^. (a', 6', 0), Q, = (x, y, zf. {x\ y\ z') (25) 
so that the inverse mass matrices at the leading order are the following: 



/ 1 + aa'e / ab'e / 



mCf 



xz e 



f 



2 
/ 



ha'sf hVsf yz'e) (26) 



Here have we neglected 0{e) order corrections in every element except the 11-one. In 
order to split fermion masses within the first family and accomodate large (~ ^/sd) 
Cabibbo angle, the matrix (p6|) must be diagonalized considering that aa'£:d^e~l-Q 

big problem neither for gauge coupling unification nor for other issues, provided that the VEV 
of the 126-plet vr is of the order of Mq- Nevertheless, one may does not consider such a small 
Vr as enough appealing. In this case we can suggest that the (2, l)-block MfR of the "big" mass 
matrix ( p^ appears due to the effective operators (45|j./il/)16/16i? rather than the direct Yukawa 
couplings of the eq. (^3|) . These operators can be built in the same manner as we did for the third 
heavy family ^3. Then MfR ~ 10^^ GeV can occur naturally for Vr ^ Mq, and non of our results 
will change. 

^^One may wonder how to achieve Sdaa' ~ 1, if the Yukawa couplings are assumed to be 0(1) 
and £ is a small parameter: 1/20— 1/30 (see eq. (0)). However, here we still see the advantage 
of seesaw mechanism: a and a' are not the coupling constants but rather their ratios, due to the 
"sandwiching" between T and G in eq. (p^). Thus, it should not come as a surprise if aa'~ 20 — 30 
due to some spread in the Yukawa coupling constants (for example, if both a — r2i/rii and 
a' = G21/G11 are ~4 — 5), while the Yukawa constants themselves are small enough to fulfill the 
triviality bound Gy /47r < 1. On the other hand, the pattern of the fermion masses and mixing 
suggests that such a " coherent" enhancement does not happen for other entries in the matrix ( p^ ) , 
so that the corresponding 0(e) corrections are negligible. 
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Thus, for the fermion mass eigenvalues at the GUT scale we have 



m sin/3 
u 

m cos/5 
d 

m cos/3 



|1 + e^aa'l 
|1 + e^aa'l 
11 + eeaa'\ 



m sin/3 


\euhh'\ 


m sin/3 


c 


1 + e^jaa' ' 




m cos/? 


\edhh'\ 


mcos/? 


s 


1 + £(iaa'\ ' 


b 


m cos/? 




m cos/? 


^^ 


1 + Seaa'l 


r 



I 2 /I 



(27) 



From the two first rows of eqs. (pT]) we have 



ds 



uc 



tan^/3 . 



tan/3 



uc 
ds 



tan ^/3 



(2^ 



This expression for the top mass is valid in the seesaw limit of eq. (^). However, 
due to seesaw corrections, it actually gives only an upper bound. Indeed, by using 
the correct mass matrix of eq. (p3D, the eq. ( pS]) is reduced to 



bR 



l + {bR/r^3Vsm(3y 



<bR] R= {uc/dsf tan-3/3 



(29) 



where for the perturbativity one can assume T^^ < 2. This equation is valid at 
the GUT scale and to discuss its implications, the running of masses needs to be 
considered. In doing so, it appears to be rather restrictive. In particular, by taking 
^u/^d < 0.7 and mc/ms < 12 as upper bounds and bearing in mind that tan/3 > 1, 
we get 



R < Rn 



70 



(30) 



which sets an upper bound on the top physical mass of about 150 GeV. On the 
other hand, by taking the recent CDF bound mt > 109 GeV we have 



R > Rn 



36 



(31) 



which translates into the strong upper bound tan/3 < 1.1 for the same values of 
'<fnu/fnd and mdvus. Alternatively, by assuming tan/? = 1, we have a lower bound 
uc/ds > 6. Then, by using rric/ms < 12, we get rriu/md > 0.5. 

From the second two rows of eqs. (|27|) we can derive the mass formulae 



ds 
e/i 



Be 




1 + 2^ 


£d 







(32) 



When I get to the bottom I go back to the top [Q: the eq. (|28|) shows that the 
Sul^d ratio is small: \eu/£d\ = 0.12 0.16. Then the eq. ( P^ approximately gives 
the GUT relationships between the down quark and lepton masses: 



r . 



ds = e/i 



(33) 
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where 0{eu/£d) corrections bring about 30% uncertainty. Running down these 
relations from the GUT scale we get appealing values for the down quark masses: 
rub = 4 — 5 GeV, = 100 — 150 MeV and rrid = 5 — 7 MeV, where for deriving 
the light quark masses we have used the current algebra relation rris/md = 20. This 
later relation, however, cannot be derived from our consideration itself. Moreover, 
it is not clear whether it is consistent in our scheme: at first sight the relation 
kd| ~ ke| implies that d/s ^ e/yU ~ \6e\, whereas the experimental values s/d ~ 20 
and fi/e ^ 200 differ by the order of magnitude. 

The answer is "Yes"! Indeed, by taking into account that tan/?^l, we get: 

u/d = \1 + edaa'l , u/e = \1 + Eeda'l (34) 

and 

[s/d) \1 + Edaa'l'^ f e\'^ „ 

(35) 




(/i/e) ll + eeflfl'P \d, 

where we have neglected 0{eu/£d) corrections. Therefore, in order to split the 
electron and d-quark masses from the w-quark mass respectively by factors of about 
I and 2 (see Fig. 1), we have to assume that |£eaa'| ~ 1- The relation Ed ~ —Se 
is crucial, since it splits d and e to different sides from u^mhy about a factor 2. 



Then, according to eq. (|35|) , the order of magnitude difference between /x/e and s/d 
follows automatically. In this way, owing to the numerical coincidence {e/dy ^SuEd, 
we reproduce the mixed behaviour of leptons (see eq. (^). This is not, however, 
the end of the story. By assuming that |eeOa'| < 1 (which, as we show below, can 
be derived by considering the quark mixing), the eqs. ( ^If ) and (|35|) imply 



— = \l + Eeaa'\\^-^\ < 0.65 36 
nid \m^mdj 

where the 0{Eu/£d) corrections can cause about 20% uncertainty in this estimate. 

Let us discuss now the pattern of the weak mixing. It is easy to see that the 
quark mixing arises dominantly due to diagonalization of the down quark mass 
matrix rhd. The up quark matrix m„ is much more "stretched" and essentially close 
to its diagonal form, so that it brings only 0{Eu/sd) corrections to the CKM mixing 
angles. Let us denote by Oi2^\ 6*23^ and 6^23'^ the angular parameters of the unitary 
matrices Vl,r diagonalizing rhd. Then from the eqs. (^61) and (|27| ) we see that 



^ _ \Edah'\ ^ _ \Eda'h\ l r , . 

\l + EdCiCi\ \l+EdCiCi\ S 

where " s^'^" stand for sin^-^'-'^. Then, by assuming that the right-handed current 
"Cabibbo" angle sf2 is not anomalously large (not larger than the ordinary Cabibbo 



angle s^2 — -^i2^ yd/s, which in itself is already much larger than it was expected 
naively (~ Ed) from the eq. (^)), we obtain that le^aa'! < 1. On the other hand, we 
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know that |erfaa'| should be rather close to 1, in order to achieve a sufficient d — u — e 
splitting. By assuming that sfa ~ S12, the eq. (|37|) translates into 



5d = arg |1 + e^aa'l (38) 

1 /2 

Thus, the Cabibbo angle has to be in the right range: S12 ~ . Obviously, the 
values of other mixing angles also fit parametrically the pattern of the eq. (^: 
■S23 ~ and Si3 ~ e^. Without exploiting the concrete structures of the Yukawa 
coupling matrices F and G it is not possible to make exact predictions for the CKM 
matrix parameters. It is natural to expect, however, that the Ti symmetry will 
constrain somehow the form of F and G, and thereby will enhance the predictivity. 
Let us assume, for example, that F has the Fritzsch form (^, involving 5 parameters. 
Then, rotating the fields to the skew-diagonal basis of eq. (JT^), we see that 6 
complex entries of F are not independent anymore, but are related through F31 = 
— F2iF22F32^. The same can occur for the matrix G. Then we immediately receive 
an appealing relation between the CKM mixing angles 

^ = -512 = 0.11^0.15 (39) 
S23 d 

However, there is a subtlety which we have avoided to discuss untill now. Obvi- 
ously, one 10-plet is not sufficient to obtain the realistic mass matrices. The reason 
is that the symmetry Ti should transform the fermionic superfields in different way 
(in order to assure the form of the heavy mass matrices ([T9|) by symmetry reasons). 
Therefore, 10-plet is allowed to have at most 3 non-zero Yukawa couplings in the eq. 
(plSf ). The same is true for the 45/?. Obviously, three non-zero entries in the matrices 
F and G are not enough - they will appear to be diagonal or degenerated. In order 
to supply in (|14D the off-diagonal entries Mjl and MfR of the non-trivial form, we 
need at least two lO's and two 45r's: 10i^2 and 45f2, with different transformation 
properties under Ti, and all with non-zero VEVs. The Yukawa superpotential is 

Wy = Til^A 16f 16f + Gf,45i lefTef (40) 

Provided that both 45/j-plets have non-zero VEVs on the (1, 1, 3) component, which 
also break Ti symmetry, we can change the basis and single out one linear combina- 
tion 45r oc VRi45f + VR245f , which takes all the effective VEV Vr = {V^i + V^^y/'^. 
The other combination has vanishing VEV. 

For the 10-plets the situation is more specific. In order not to affect the gauge 
coupling crossing, only one combination of the two 0i and 02, that are (1,2,2) 
components of lOi and IO2, should remain massless (in the SUSY limit), whereas 
other has to acquire 0{Mg) mass. On the other hand, the (6,1,1) fragments Ti and 
T2 both should be superheavy. Also, we do not want to pay fine tuning for this 
doublet-triplet splitting. To achieve this, we suggest to modify the Dimopoulos- 
Wilczek mechanism in the following manner. Let us introduce yet another 




1 e^^'i 

d 
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10-plet, lOo, not necessarily coupled to fermions, and assume that the Ti symmetry 
is designed so that allows only the following couplings for 10 's: 



A10il0245Bi + AilOilOo45f + A2l02lOo45^ + AolOolOo54 (41) 

Therefore, after substituting the relevant VEVs, mass matrices of the and T 
components of the lO's are 





lOi 


IO2 


lOo 


lOi / 





A(45bl) 


Ai(45f) 


102 


-A(45bl) 





A2(45^) 


lOo \ 


. -Ai(45f) 


-A2(45^) 


Ao(54) 



M^T = 10, -A(45Rr) A,(45^^) (^2) 



Considering T-components, we see that all three eigenstates are superheavy. For 
the (1,2,2) components we must substitute (45^^) — > and (45f2) — > Vri^2- Then 
one linear combination oc X2VR2<t'i " AiVri02 is massless, whereas the orthogo- 
nal combination is superheavy. The VEV of (p!6D, which arises after the SUSY 
breaking, is shared between the Ti symmetry eigenstates lOi and IO2. 

The above consideration demonstrates how one could supply the realistic struc- 
ture for the fermion mass matrices. The form of the Matrices Ta and Gb-, A,B = 
1,2,..., are constrained by the Ti. symmetry: no more than three non-zero entries 
are allowed for each of them. However, for the linear combinations and 45^ the 
eq. ( P0[ ) is effectively reduced to (|TBp, where the Yukawa matrices F and G can have 
some non-trivial (e.g. Fritzsch) form. 

Accidentally, the structure of the eq. (H^) outwardly recembles the one suggested 



by Babu and Barr for the strong suppression of the Higgsino mediated d = 5 
operators for the proton decay. In our case, however, the strong suppression a la' 
Babu and Barr does not occur, since both lOi and IO2 are coupled to fermions. 
Nevertheless, some weak suppression can be due to mixing of different T-states from 
the 10o,i,2- On the other hand, our seesaw pattern (|T¥) in itself leads to the complete 



suppression of the dominant (LLLL-type) d = 5 operators, and only much weaker 
RRRR-tjpe ones remain to be effective [^. All this leaves us with the chance to 



observe the proton decay at the level of present experimental bound. It is worth to 
remark also, that in our scheme we can evaluate the branching ratios of the different 
decay modes, since we are able to calculate all mixing angles, including the ones for 
the charged lepton^ This can be rather important for the testing of our inverse 
hierarchy scheme, if the proton decay will be observed in the future. 

Let us discuss now the neutrino mass and mixing pattern. Clearly, the eq. (|2^) 
is valid also for the neutrino Dirac mass matrix, which has the form of the eq. ( p^ ) 



with = ISf. + 3e„. Then from the equations analogous to (27) we obtain for the 

In fact, the existing calculations of the proton decay modes (see e.g. |Q) cannot be satis- 
factory, since they are performed within the framework of the minimal SUSY SU (5) model with 
obviously wrong mass relations d = e and s — fi. 
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neutrino Dirac mass eigenvalues at the GUT scale: 



-f-^e, v^^\r (43) 

These are drastically different from what is traditionally expected from the 5*0(10) 
model: for example, our is about 200 — 300 times less than in standard 5*0(10) 
{v^ = t). We can also evaluate the "mixing" angles, which diagonalize the matrices 
rhe and m^, in the terms of the CKM angles: ~ (3/4) sfg ^ (l/3)si2 = 0.07, etc. 
However, all these do not transform into sharp predictions for the neutrino mass and 
mixing pattern, since we do not know yet the Majorana mass matrix of the right 
handed neutrinos. 

For this purpose we have the Higgs 126-plet with VEV vr ~ Mq- However, 
there are too many different possibilities to introduce its Yukawa couplings, all with 
different implications for the neutrino mass end mixing pattern. For the demon- 
stration, we consider here one of the simplest possibilities. Let us suggest that the 
126-plet interacts only with the 16'^-plets: Ajjl26 16f 16j, where A is a coupling 
constant matrix with 0(1) elements. Then for the Majorana mass matrix of the 
light neutrinos we immediatelly get 



m 



,M 



V 



2 



2vR 



rA~^r^ (44) 



This, in general, implies that all neutrinos have masses of the order of 10~^ — 10~^ 
eV, and their mixing angles are large, which favours the adiabatic MSW solution to 
solar neutrino problem. More precise information can be obtained by constraining 
the form of the matrices F and A due to Ti symmetry properties. 



4. Discussion. 

Let us try to give some more philosophical shape to our considerations. One could 
imagine that our SUSY 5*0(10) ® Ti. theory is what remains from the superstring 
after compactification. Obviously, such a theory should be realized at some higher 
Kac-Moody level, since we utilize the higher dimensional representations of 5*0(10). 
In particular, > 5, if we use the 126-dimensional representation for the symmetry 
breaking and neutrino mass generation purposes |3^ . The fermionic sector includes 



5 zero modes of 16-plets: 16(2,3 16f^3, and 2 zero modes of 16-plets: 16^3. We 

have also included in game some non-zero modes like 16^^ + IQqi, with masses of the 
order of the compactification scale M ~ few times 10^'' GeV. Taking seriously the 
coupling crossing phenomenon in MSSM, we suggest that the breaking of 50 (10) ®7i 
symmetry down to 5f/(3)c <S) SU (2) ^ <S) U{1)y occurs at one step, at the scale Mq ~ 
10^^ GeV. All what remains below is just MSSM with three quark-leptonic families 
that are fragments of the 16( 2,3, one couple of Higgs doublets, originated from 
certain effective combination of the 0yi(l,2,2) components of the various 10^- In 
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order to render the couple of Higgs doublets massless in the exact SUSY limit, we 
have used an intriguing modification of the Dimopoulos-Wilczek mechanism. 

We assumed that the generation of fermion masses occurs due to universal seesaw 
mechanism. Once again we would like to stress that in seesaw picture the ordinary 
light fermions / are just the spectators of the phenomena that determine the fiavour 
structure. This structure arises in a sector of the superheavy F fermions and is 
transferred to the light ones at their decoupling. Namely, the heaviest F family Fi 
is unsplit since it has 5*0(10) ® H. invariant mass of the order of M. The lighter 
ones F2 and F3 get the masses of the order of Mq and Mq/M respectively, due to 
effective operators involving the Higgs 45x with successively increasing power, and 
are thereby split. As a result, the /'s mass matrices, given by a seesaw mixing with 
the F's, have the inverse hierarchy form. 

These mass matrices, which in eq. ( plj) are displayed as mj^ for the convenience 
reasons, reproduce the fermion spectrum (see Fig. 1) and mixing pattern in a very 
economical way.Q They differ only due to different, in general complex expansion 
parameters ef,f = u,d,e,i' (including the neutrino Dirac mass matrix), where ~ 
Mg/M ~ 10^^ — 10~^. These parameters are related through the SO{10) symmetry 
properties (see eq. (|2l|) , so only two of them, say Ed and Eu are independent. Due to 
common mass factor m, the first family plays a role of a mass unification point, and 
the e — u — d mass splitting is understood by the same mechanism that enhances the 
Cabibbo angle up to the 0{^/Ed) value. Other mixing angles naturally are in the 
proper range (see eq. (^). We have obtained a number of interesting mass formulas, 
from which it follows that nit = 100 - 150 GeV, = 4 - 5 GeV, = 100 - 150 
Mev and rriu/ma = 0.5 — 0.7. We did not utilize any particular supersymmetry 
breaking mechanism, therefore we do not have some certain perdictions for the 
parameters of MSSM. However, independently on the concrete mechanism, we have 
rather interesting prediction tan/5 ~ 1, which can be immediately tested on the 
accelerators of the next generation [ p^ . 

In fact, we did not suggest any concrete example of our misterious symmetry 
Ti., that should support the inverse hierarchy pattern of fermion mass matrices, the 
modified Dimopoulos-Wilczek ansatz for natural doublet-triplet splitting and, in the 
end the needed VEV pattern. In principle, Ti can contain some set of discrete or 
abelian (Peccei-Quinn type) symmetries. Alternatively, one can try to utilize global 
or discrete /^-symmetries. I am convinced that to find the working example of a ?i 
symmetry is rather a cumbersome but available task for the smart model-builder. 

We find it amusing that the idea of inverse hierarchy, implemented in SUSY 
50(10) theory in a natural way, can explain the key features of the fermion mass 

^"'Clearly, both the decoupling and scaling hypothesis of the Sect. 1 are naturaUy fulfilled in 
this way. In the limit when £„ = ed we have the scaling: u : c : t = d : s : b and all CKM 
angles are vanishing. The decoupling can be seen in the following way: by putting ^ to zero (as 
parametrically smaller values compared to £«,d), assuming also that the third family masses t and 
b are fixed, we see that w, d — > and at the same time S12, S13 — > 0. At the next step, bu putting 
d to zero, we see that c, s ^ and also S23 0. 
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spectrum and weak mixing. Notice, that in contrast to all known predictive frame- 



works for fermion masses (see e.g. |T^, [1^), we did not exploit any particular texture 



- a horizontal structure that suggests an existence of certain "zeros" in mass ma- 
trices. Moreover, it is clear that in our mass matrices there can be no "zeros" - 
this immediately would bring us to wrong predictivity. However, a clever horizontal 
structure would enhance a predictive power of our approach. In paricular, one can 
expect that the Ti. symmetry will constrain also the Yukawa coupling matrices F and 
G so that they will have certain pattern with certain "zero" elements. These "zeros" 
will not be seen directly in the quark and lepton mass matrices of the eq. (p2|) , but 
they will manifest themselves through certain relations between parameters of the 
eq. (^) which we have treated before as independent. The example of the succesfull 
relation ( |39D obtained by suggesting the Fritzsch texture for F and G demonstrates 
that may be "zeros" are not placed directly in the mass matrices, where they are 
generally looked while "stitching the Yukawa quilt". 



"With a little help from my friends..." 

It is a pleasure to thank Z. Ajduk, S. Pokorski and other organizers of the Warsaw 
meeting for their warm hospitality at Kazimierz. I am indebted to my collaborator 
R. Rattazzi, together with whom the inverse hierarchy ansatz was elaborated in a 
radiative scenario of the ref. |]32|. Also the useful discussions with R. Barbieri and S. 
Pokorski are acknowledged. Many thanks are due to Ursula Miscili for her patience 
and encouragement during my work on the manuscript. 



References 

[1] S.L. Glashow and S. Weinberg, Phys. Rev. D 15 (1977) 1958; E.A. Paschos, 
ibid. 1964. 

[2] J. Ellis, S. Kelley and D.V. Nanopoulos, Phys. Lett. B260 (1991) 131; U. 
Amaldi, W. de Boer and H. Fiirstenau, ibid. 447; P. Langacker and M. Luo, 
Phys. Rev. D 44 (1991) 817; F. Anselmo, L. Cifarelli, A. Peterman and A. 
Zichichi, Nuovo Cimento 104A (1991) 1817. 

[3] Particle Data Group, K. Hikasa et al, Phys. Rev. D 45 (1992) no. 11, Part II. 

[4] H. Gasser and H. Leutwyler, Phys. Rep. 87 (1982) 77. 

[5] For review, see Y. Nir, in " Perspectives in the Standard Model" , Proc. of TASI- 
91, Eds. R.K. Ellis et al. (World Scientific, Singapore, 1992), p. 339. 

[6] For review, see Y. Nir, "CP Violation", Preprint SLAC-PUB-5874 (1992). 



20 



[7] G.R. Farrar and M.E. Shaposhnikov, Phys. Rev. Lett. 70 (1993) 2833; Preprint 
CERN-TH.6734/93 (1993). 

[8] For Review, see R.D. Peccei, in "CP Violation", Ed. C. Jarlskog (World Scien- 
tific, Singapore, 1989), p. 503; H.Y. Cheng, Phys. Rep. 158 (1988) 1. 

[9] R. Barbieri, J. Ellis and M.K. Gaillard, Phys. Lett. 90B (1980) 249; E. Akhme- 
dov, Z. Berezhiani and G. Senjanovic, Phys. Rev. Lett. 69 (1992) 3013; D. 
Grasso, M. Lusignoli and M. RoncadeUi, Phys. Lett. 288B (1992) 140; M. 
Cvetic and P. Langacker, Phys. Rev. D46 (1992) R2759. 

[10] For review, see H.E. Haber and G.L. Kane, Phys. Rep. 117 (1985) 75; R. 
Barbieri, Riv. Nuovo Cimento 11 (1988) 1. 

[11] H. Fritzsch, Preprint MPI-PAE/PTh 93/83 (1983). 

[12] For GUT review, see P. Langacker, Phys. Rep. 72 (1981) 185. 

[13] M. Carena, S. Pokorski and C.E.M. Wagner, Nucl. Phys. B 406 (1993) 59; P. 
Langacker and N. Polonsky, Preprint UPR-0556T (1993). 

[14] J. EUis and M.K. Gaillard, Phys. Lett. B84 (1979) 113. 

[15] S. Weinberg, m Festschrift for l.I.Rabi, Trans. N.Y. Acad. Sci. 38 (1977) 185; 
H. Fritzsch, Phys. Lett. B70 (1977) 436; F. Wilczek and A. Zee, ibid. 418. 

[16] H. Fritzsch, Nucl. Phys. B 155 (1979) 1979. 

[17] H. Georgi and C. Jarlskog, Phys. Lett. B86 (1979) 297; J. Harvey, P. Ramond 
and D.B. Reiss, Phys. Lett. B92 (1980) 309; Nucl. Phys. B 199 (1982) 223; 
S. Dimopoulos, L.J. Hall and S. Raby Phys. Rev. Lett. 68 (1992) 1984; Phys. 
Rev. D 45 (1992) 4195; H. Arason, D.J. Castano, P. Ramond and E.J. Piard, 
Phys. Rev. D 47 (1993) 232; P. Ramond, R.G. Roberts and G.G. Ross, Nucl. 
Phys. B 406 (1993) 19; M. Leurer, Y. Nir and N. Seiberg, ibid. B 398 319. 

[18] S. Weinberg, Phys. Rev. D 5 (1972) 1962; Phys. Rev. Lett. 29 (1972) 388; H. 
Georgi and S.L. Glashow, Phys. Rev. D 6 (1972) 2977; ibid. D 7 (1973) 2457; 
R.N. Mohapatra, Phys. Rev. D 9 (1974) 3461; S.M. Barr and A. Zee, Phys. 
Rev. D 15 (1977) 2652; ibid. D 17 (1978) 1854; S.M. Barr, Phys. Rev. D 21 
(1980) 1424; zbzd. D 24 (1981) 1895; R. Barbieri and D.V. Nanopoulos, Phys. 
Lett. B91 (1980) 369; ibzd. B95 (1980) 43; M. Bowick and P. Ramond, Phys. 
Lett. B103 (1981) 338. 

[19] B.S. Balakrishna, Phys. Rev. Lett. 60 (1988) 1602; Phys. Lett. B214 (1988) 
267; B.S. Balakrishna, A.L. Kagan and R.N. Mohapatra, Phys. Lett. B205 
(1988) 345; B.S. Balakrishna and R.N. Mohapatra, Phys. Lett. B216 (1989) 
349; A.L. Kagan, Phys. Rev. D 40 (1989) 173; E. Ma, Phys. Rev. Lett. 62 



21 



(1989) 1228; K.S. Babu, B.S. Balakrishna and R.N. Mohapatra, Phys. Lett. 
B237 (1990) 221. 

[20] R. Rattazzi, Z. Phys. C 52 (1991) 575. 

[21] H.P. Nilles, M. Olechowski and S. Pokorski, Phys. Lett. B248 (1990) 378. 

[22] Z.G. Berezhiani and R. Rattazzi, Phys. Lett. B279 (1992) 124. 

[23] M. Gell-Mann, P. Ramond and R. Slansky, m " Supergravity" , Ed. D.Preedman 
et al. (North- Holland, Amsterdam, 1979); T. Yanagida, Prog. Th. Phys. B135 
(1978) 66; R.N. Mohapatra and G. Senjanovic, Phys. Rev. Lett. 44 (1980) 912. 

[24] Z.G. Berezhiani, Phys. Lett. B129 (1983) 99. 

[25] Z.G. Berezhiani, Yad. Fiz. 42 (1985) 1309 [Sov.J.Nucl.Phys.42 (1985) 825]; 
Phys. Lett. B150 (1985) 177; D. Chang and R.N. Mohapatra, Phys. Rev. Lett. 
58 (1987) 1600; S. Rajpoot, Phys. Lett. B191 (1987) 122; A. Davidson and 
K.C. Wah, Phys. Rev. Lett. 59 (1987) 393; ibid. 60 (1988) 1813; A. Davidson, 
S. Ranfonc and K.C. Wah, Phys. Rev. D41 (1990) 208; S. Ranfone, ibid. D 42 

(1990) 3819. 

[26] J. Lennon and P. McCartney, "She's So Heavy", in "Abbey Road", Ed. G. 
Martin (Apple, London, 1969). 

[27] A. Nelson, Phys. Lett. B136 (1983) 387; S.M. Barr, Phys. Rev. D 30 (1984) 
1805. 

[28] K.S. Babu and R.N. Mohapatra, Phys. Rev. D 41 (1990) 1286. 
[29] Z.G. Berezhiani, Mod. Phys. Lett. A6 (1991) 2437. 

[30] Z.G. Berezhiani and M.Yu. Khlopov, Yad. Fiz. 51 (1990) 1157, 1479 
[Sov.J.Nucl.Phys. 51 (1990) 739, 935]; Z. Phys. C 49 (1991) 73. 

[31] Z.G. Berezhiani and R. Rattazzi, Pis'ma Zh. Eksp. Teor. Fiz. 56 (1992) 445 

[JETP Lett. 56 (1992) 429]; m "Quest for Links to New Physics", Proc. XV Int. 
Warsaw Meeting on Elementary Particle Physics, Eds. Z. Ajduk, S. Pokorski 
and A. Wroblewski (World Scientific, Singapore, 1993), p. 236. 

[32] Z. Berezhiani and R. Rattazzi, Nucl. Phys. B 407 (1993) 249. 

[33] S. Dimopoulos and F. Wilczek, Preprint NSF-ITP-82-07 (1982). 

[34] Z.G. Berezhiani, Preprint INFN-FE 12-93 (1993). 

[35] P. Nath, A. Chamseddine and R. Arnovit, Phys. Rev. D 32 (1985) 2348; Phys. 
Lett. B287 (1992) 89. 



22 



[36] J. Lennon and P. McCartney, "Helter Skelter", in "white Album", vol.2, Ed. 
G. Martin (Parlophone, London, 1969). 

[37] K.S. Babu and S.M. Barr, Preprint BA-93-26 (1993). 

[38] A. Font, L. Ibafiez and F. Quevedo, Nucl. Phys. B 345 (1990) 389. 

[39] Z. Kunszt and F. Zwirner, Nucl. Phys. B 385 (1992) 3. 

[40] J. Morrison, "The End", Ed. R. Manzareck (Los Angeles, 1967); J. Lennon and 
P. McCartney, "The End", in "Abbey Road", Ed. G. Martin (Apple, London, 
1969). 



23 



This figure "figl-l.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9312222vl 



